Objective: To evaluate the cross-sectional relationship of anthropometric measures (body mass index (BMI) and visceral fat and the adipokines leptin and adiponectin) with telomere length in a racially diverse sample. Design: Cross-sectional study of participants recruited from a health science university. Subjects: Participants include 317 men and women aged 40-64 years without diagnosed diabetes, cardiovascular disease (defined as coronary heart disease or stroke/transient ischemic attack) or cancer. Results: Study participants were 54.9% female, 58% non-Hispanic white (NHW) and 42% non-Hispanic Black (NHB). Of the sample, 76% were either overweight or obese. Linear regressions showed no association between the anthropometric measures (BMI (kg m À2 ), visceral fat (cm 2 ), adiponectin (mg ml À1 ), leptin (ng ml À1 ) or adiponectin to leptin ratio (mg ng À1 )) assessed in a continuous manner and telomere length assay ratio, either for the whole sample or when stratified by race or by gender. Conclusion: This study finds no linear associations between telomere length and several measures of obesity in a sample of NHB and NHW men and women. Further studies are needed to identify factors that influence telomere length in diverse populations. International Journal of Obesity (2010) 34, 261-265; doi:10.1038/ijo.2009 published online 22 September 2009 Keywords: racial differences; telomere length; adiposity; adiponectin
Background
Telomeres consist of TTAGGG tandem repeats found at the ends of chromosomes that protect them from degradation and end-to-end fusion. They shorten as somatic cells replicate. This shortening ultimately leads to a loss of replicative capacity. Thus, telomeres may be uniquely useful in identifying biological aging and disease risk as they represent an individual's inherited predisposition to cell senescence as well as exposure to environmental stressors, such as low socioeconomic status, smoking and life stress. [1] [2] [3] [4] [5] On the basis of the known association between adiposity and systemic inflammation and oxidative stress, telomere length could be expected to be decreased in obese individuals, but conflicting evidence exists. 6, 7 Some studies demonstrate an association between adiposity and telomere length. For instance, Valdes et al. 5 found that obese white women had shorter telomeres than lean white women, whereas Zanolli et al. 8 found shorter telomere lengths in the obese when evaluating 23 white adults. An inverse correlation has also been described between leptin, a polypeptide produced primarily in white adipose tissue, and telomere length in premenopausal, but not postmenopausal, women. 9 Conversely, Nordfjall et al. 10 did not find a relationship between obesity parameters and telomere length in Swedish men, Benetos et al. 11 found no association between body mass index (BMI) and telomere length in 193 French subjects and Voghel et al. 12 found no association in individuals undergoing primary coronary artery bypass graft surgery. These and other studies are limited by samples that lack minority participation, are gender specific and/or use limited measures of adiposity. 13 The few studies that have evaluated telomere length in minority samples show racial differences in telomere length, although they also present conflicting results. Some studies have shown that minorities have longer telomere length, although they suggest quicker shortening in minorities. 14, 15 Another study demonstrated that blacks and Hispanics had shorter telomeres than whites. 16 One possible reason for these differences could be a differential impact of adiposity on telomere length by race, similar to the differential impact of adiposity on mortality that has been previously demonstrated between Whites and Blacks. In these studies, the association between being overweight and mortality appears to be weaker in Blacks than Whites. 17, 18 To further describe the relationship between adiposity and telomere length, we will evaluate the relationship between anthropometric measures, cytokines produced by adipose tissue commonly known as adipokines, and telomere length in a diverse sample of healthy middle-aged adults.
Methods

Sample
Participants were recruited through health fairs, flyers and advertisements posted in the local health science university. Participants were 40-64 years of age and did not have a history of diagnosed diabetes, coronary heart disease, stroke/ transient ischemic attack or cancer. Coronary heart disease was defined as having a myocardial infarction or acute coronary syndrome, which included a history of heart disease, angioplasty, stent placement or congestive heart failure. A total of 325 participants were enrolled. 
40.99).
Test samples were checked to confirm that they fall within this range, and any that did not were diluted as necessary and re-run. The specificity of all amplifications was determined by melting curve analysis. Overall, 48 study samples, a calibrator sample and one no-template control sample (all in duplicate) were processed per run.
The PCR data were analyzed with the comparative quantitation approach as previously described and implemented with the Corbett Research Rotor-Gene 6000 version 1.7 analysis software. 20 During this analysis, the amplification efficiency is calculated for each sample along with the mean efficiency of the run (MAE), which is used in calculating the relative concentration of each sample relative to the calibrator sample. This calculation coupled with the use of the same calibrator samples on all runs allows for any inter-run variation. This process is carried out for both telomere (T) and single-copy (S) gene reactions, and telomere length was expressed as a ratio of the two, the T/S ratio, of the mean data from duplicate runs. All analyses were carried out blinded to patient characteristics. The telomere length assay (T/S ratio) was checked for reproducibility by re-running 76 samples on a different day. The correlation (r) between the two runs was 0.946. The first tertile of telomere length was T/S ratio o1.525, the second tertile T/S ratio 1.525-1.772 and the third tertile T/S ratio 41.772. The minimum T/S ratio was 1.025 and the maximum T/S ratio was 2.623.
Adipokine measurement
Adiponectin was measured after an 8-h period of fasting. Adiponectin (Acrp30, adipoQ, apM1, gelation-binding protein) is a 247 amino-acid fat hormone produced by adipocytes that is present in high concentration relative to other hormones (B0.01% of the total plasma protein). 21 Adiponectin is composed of an N-terminal collagen-like domain and a C-terminal globular domain. Serum is pretreated to denature adiponectin. The concentration of adiponectin in the pre-treated sample was determined by enzyme-linked immunosorbant assay (B-bridge International Inc., Sunnyvale, CA, USA).
Leptin was measured using a double antibody RIA (Esoterix Inc., Austin, TX, USA) after individuals were fasting for 8 h. Polyclonal antisera were derived from rabbits immunized with recombinant leptin. Recombinant leptin is used as a standard and for radioligand preparation. Radiolabel is prepared by the chloramine T method, and purified by gel exclusion chromatography. Samples are diluted fourfold before analysis. After incubation of the diluted sample, control sera and standards with antibody and tracer, separation of free and bound tracer is achieved by second antibody and centrifugation. The amount of bound radioactivity present in the unknown sample is compared with a standard curve performed with each assay. Bound radioactivity is inversely proportional to the leptin concentration.
Anthropometric measures
Body mass index was calculated from measured weight and height, as weight in kilograms divided by height in meters squared. Visceral fat was measured by evaluating visceral adipose tissue area using computed tomography scan by the 
Demographic variables
Age and gender were assessed by self-report. Race/ethnicity was also assessed by self-report.
Analysis
Eight participants who were Hispanic or Asian were excluded from all analyses on the basis of small sample size. The proportion of participants by age, gender and BMI (o25, 25-29.9, X30 kg m À2 ) categories was calculated overall and by race. Means of variables were compared using Student's t-tests. Separate Spearman correlations were calculated comparing T/S ratio with anthropometric (BMI, visceral fat) and laboratory (adiponectin, leptin, adiponectin:leptin ratio) measures. These Spearman correlations were calculated for the total sample as well as in NHWs and NHBs separately. Additional Spearman correlations were performed after stratification by gender. Linear regressions were calculated adjusted for age, gender and race for the total sample, and age and gender for NHWs and NHBs were calculated separately. Linear regressions were also calculated for men and women separately, adjusting for age and race. For each of these regressions, T/S ratio was the dependent variable, and the anthropometric and laboratory measures were evaluated as continuous variables.
Results
Demographic characteristics for the sample are presented in Table 1 . Women represented a larger proportion of the NHB sample. Table 2 presents a comparison of means by race for anthropometric and laboratory measures. NHBs had higher mean BMI and leptin levels, whereas Whites had a higher mean visceral fat and adiponectin levels. NHBs had longer telomeres, characterized by a higher T/S ratio. Table 3 present results from calculation of Spearman correlations for the total sample and separated by race. No statistically significant correlations were seen when evaluating BMI or visceral fat and T/S ratio, either in the whole sample or after stratification by race. Furthermore, no statistically significant associations were seen for NHWs for any of the laboratory measures. In both, the entire sample and NHBs, leptin and adiponectin/leptin ratio were correlated to T/S ratio. In Spearman correlations stratified by gender, the only significant correlation was between T/S ratio and adiponectin to leptin ratio in men (À0.17, P ¼ 0.03).
As presented in Table 4 ), adiponectin to leptin ratio (mg ng À1 )) assessed in a continuous manner and T/S ratio, either for the whole sample or when stratified by race. Similarly, no associations were seen between the anthropometric measures and T/S ratio after stratification by gender (results not shown).
Discussion
This study is one of the first evaluating the association between telomere length and obesity within racial groups, and also one of the first evaluating the relationship between adiponectin and telomere length. In this sample, consisting of healthy NHB and NHW adults, there is no association between several obesity measures and telomere length in adjusted linear regressions. These results are consistent with previous studies that have not found an association between anthropometric measures and obesity, or that have only found them in specifically stratified groups, such as premenopausal women. 9, 10 The conflicting results found in this and other studies evaluating obesity and telomere length might reflect the complex process of Telomere length and adiposity in a diverse sample VA Diaz et al telomere length shortening, which is affected by both environmental and physiological factors. This complexity makes evaluating the impact of a single factor, such as obesity, difficult, especially in a heterogenous sample, where a variety of other factors are also influencing telomere shortening.
There are several limitations to this study. First of all, we are evaluating cross-sectional relationships, and are thus unable to evaluate for temporality of the associations. As telomere length is known to reflect cumulative damage over a lifetime, it is reasonable to theorize adiposity is the factor impacting telomere length, instead of vice versa. Second, our sample only allows us to evaluate differences between NHBs and NHWs and no other racial or ethnic groups. Although further studies are needed evaluating other racial and ethnic groups, this is one of the first studies that does specifically evaluate adiposity in NHBs. Finally, although adipocytes are known to produce a number of adipokines, we limit our analysis to leptin and adiponectin, as these are two of the most commonly evaluate measures. Future studies could evaluate other adipokines.
In conclusion, this study does not show any linear associations between telomere length and several measures of obesity in a sample of NHB and NHW men and women. Further studies are needed to identify factors that influence telomere length in diverse populations.
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